Résumé -Une nouvelle méthode de détection de l'absorption faible dans les flux gazeux est examinée. Cette méthode est basée sur l'étude de flux gazeux par l'émission de laser d'incidence normale avec la mesure consécutive des variations locales de la température de gaz à l'aide d'un récep-teur thermique situé dans la section de flux. L'avantage de cette méthode est à sa haute résolution spatiale (jusqu'à 0,1 mm) simultanément avec sensibilité de seuil assez élevée (^10~7 cm" 1 ). On présente des résultats préliminaires ainsi que des estimations sur l'application de cette méthode dans la chromatographie gazeuse.
Abstract -A new method of detection of weak absorption in gas flows is considered. It is based on probing the flow by transverse laser radiation with subsequent measurement of local temperature variations with a thermal transducer placed across the flow. The advantage of this method is a high spatial resolution (up to 0.1 mm) at sufficienly high threshold sensitivity ( ~ 10""' cm -1 ). The results of tentative studies of this method and estimationsof its applicability in gas chromatography are given.
In analytic investigations it is often necessary to record and measure absorption spectra at a continuous flow of the medium under analysis. One of the instances of such a task is a combined method of gas chromatography -IR spectroscopy /1/. The method of laser optoacoustic (0A) spectroscopy holds much promise in this case due to its high sensitivity and selectivity /2-3A But it is rather difficult to design an OA detector that could operate together with a gas chromatograph as it is necessary, among other things, to ensure a high spatial resolution of the OA detector which is conditioned by a requirement to keep the chromatographic resolution. This is of particular importance in using high-efficiency capillary columns. In practice this problem is connected with the devising of an OA through-flow detector with its chamber volume being no more than 0.05 cnF and with a reasonable sensitivity ( ~ 10~8 cm" 1 relative to absorption factor). However, a reduction of the 0A detector chamber volume entails an increase in the background signal due to absorption of radiation by thg windows and walls of the chamber as well as relative increase in the clearance volumes of the chamber. A possible way Jiere is to'use the laser optothermal (0T) method /3/ based on detecting temperature pulsations arising in the absorbing medium under modulated laser radiation. The scheme of laser 0T detection in a continuous gas flow is presented in Pig. 1. The gas flow here from the chromatographic (0G) column output i s d i r e c t e d i n t o the h e a t -s e n s i t i v e d e t e c t o r . The l a s e r r a d ia t i o n focused with a l e n s and premodulated with a l i g h t chopper i s d i r e c t e d t r a n s v e r s e l y t o the gas j e t . As a r e s u l t , the d e t e c t o r is supplied w i t h a gas flow where, i n the presence of radiation-absorbi n g molecules, the temperature i s d i s t r i b u t e d i n the g e n e r a l case a s "heated" zones spaced a p a r t along the d i r e c t i o n of the flow. The width of these zones and the distance between them i s determined by the dimension of t h e a r e a of i n t e r s e c t i o n of the l a s e r beam and the gas flow, the gas flow v e l o c i t y , the frequency and pulse period-topulse duration r a t i o of l a s e r r a d i a t i o n modulation. In t h i s case i n the d e t e c t o r a v a r i e d s i g n a l a r i s e s the amplitude of which i s proport i o n a l t o the temperature f l u c t u a t i o n amplitude and hence t h e absorpt i o n (concentration) f a c t o r of radiation-absorbing molecules. The experimental s e t u p designed t o s t u d y t h e l a s e r OT method of det e c t i o n i n a gas flow is based on a modified gas chromatograph 11Biochrom-30u with a l a s e r OA d e t e c t o r / 3 / . The flow of c a r r i e r -(He) from the CG column was d i r e c t e d v i a a metal c a p i l l a r y tube c:th an i n t e r n a l diameter of 0.5 mm) i n t o a h e a t -s e n s i t i v e d e t e c t o r ( s e e Fig. I ) , the p y r o e l e c t r i c d e t e c t o r described i n /5/ in our case. Such a d e t e c t o r c o n s i s t e d of l a y e r s of Al coated i n succession on a g l a s s
substratum (lower e l e c t r o d e ) , a pyroactive m a t e r i a l and A 1 (upper e l e c t r o d e ) . The s e n s i t i v e a r e a of such a d e t e c t o r w a s 4x4 mm2 i n s i z e , and i t s time constant w a s about 5 s. The s i g n a l from the d e t e c t o r w a s a m p l i f i e d and f e d t o t h e synchronous d e t e c t o r and t h e n t o recorder.
A He-Ne l a s e r w i t h its r a d i a t i o n power of about 5 mW at the 3.39 /um wavelength was used as a r a d i a t i o n source. The r a d i a t i o n w a s focused onto an a r e a between t h e d e t e c t o r and the c a p i l l a r y tube o u t l e t ( a t a d i s t a n c e of about 2 am from the d e t e c t o r s u r f a c e ) with a BaP2 l e n s (F=25 cm). To reduce t h e background s i g n a l caused by s c a t t e r e d l a s e r r a d i a t i o n ' s f a l l i n g onto the d e t e c t o r and decreasing the d e t e c t i o n s e n s i t i v i t y , a diaphragm 1 mm i n diameter (pig. 1) w a s s e t a c r o s s the beam a f t e r t h e l e n s . The preliminary s t u d i e s of the l a s e r OT d e t e c t o r were c a r r i e d out with a continuous flow of a mixture of He and 0,5% propane. The measurements showed that the OT s i g n a l (with a modulation frequency of 70 Hz) s l i g h t l y depended on the gas flow v e l o c i t y over the range f r o m 0 t o 400 cm/s which corresponds t o a gas flow r a t e from 5 t o 9 50 cm / m i n f o r the scheme under consideration. This can be explained by a small value of thermal time constant of the pyro-detector. The measured dependence of the OT s i g n a l on the l a s e r r a d i a t i o n modulat i o n frequency shows t h a t its c h a r a c t e r i s about 3-I i n the frequency range 30 t o 300 Hz (with a gas flow r a t e of 30 cm /min). With a modulation frequency f 30 H z and a bandwidth of 1 Hz the t h r e s h o l d s e n s i t i v i t y w a s 5.10-q cm-I with a r a d i a t i o n power of 1 W.
Pig. 2 shows the r e s u l t s of the use of the l a s e r OT d e t e c t o r described d i r e c t l y t o d e t e c t the components of a mixture s e p a r a t e d i n a CG column. A mixture of equal q u a n t i t i e s of s a t u r a t e d hydrocarbons C t o C 2 (without C8) w a s taken f o r a n a l y s i s . The volume of the l i q u i a sample under a n a l y s i s w a s about 0.1 1. It can be seen 
s due t o the f a c t t h a t the s a t u r a t e d hydrocarbons used have almost the sane absorption f a c t o r s a t the 3.39 m wavelength. An i n c r e s t i n g s p e c i f i c f e a t u r e of the described O T d e t e c t o r i s t h a t i t can be a l s o used as a nonselective chromatographic d e t e c t o r (such as h e a t conductivity d e t e c t o r ) without l a s e r r a d i a t i o n f o r comparat i v e l y l a r g e (0.01 t o 10 mg) q u a n t i t i e s of chromatographed co pounds.
This i s explained by d i f f e r e n t cooling r a t e of gas i n a j e t *? on account of d i f f e r e n t thermal c o n d u c t i v i t i e s i n t h e pure carrier-gas and i n t h e c a r r i e r -g a s containing an admixture of another compound.
When recorded within a wide band t h e s i g n a l from the p y r o e l e c t r i c d e t e c t o r i s proportional i n t h i s case t o the time d e r i v a t i v e of con-
cenf;ration of admixed molecules, This e f f e c t imposes limits on the ultlmate q u a n t i t y of substance under a n a l y s i s ( 0.1 t o 0.2 mg) in case of l a s e r OT d e t e c t i o n due t o n o n l i n e a r i t y of the O T s i g n a l under d e t e c t i o n , This n o n l i n e a r i t y is caused by t h e p e n e t r a t i o n of a l a r g e d e r i v a t i v e s i g n a l through the band-pass f i l t e r of the recording system. For i l l u s t r a t i o n , Fig. 3 shows the dependence of the O T detector s i g n a l ( ~3 . 3 9 p m ) on the value of t h e hexane sample introduced i n t o the CG column. The OT signal was measured i n a narrow band of t h e recording system and i t s value was determined from the h e i g h t of
*) The working temperature of the CC column u s u a l l y ranges from 80 t o 250°C.
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Pig. 3 -Dependence of the OT s i g n a l on the quantity of the introduced sample (hexanel ~3 . 3 9 flm.
the CG peak being detected. It can be seen from the diagram t h a t , when the amount of hexane i n the c o l m is higher than 0.3 ,MI, the dependence deviates from l i n e a r . I n the experiment t h i s was manifested as a d i s t o r t e d form of the CG peak. Nevertheless, t h i s e f f e c t can be t r e a t e d as a merit of the CT detector since i t allows in q u i t e a simple design two ways of detecting the components of a mixture chromatized i n the carrier-gas flow: a ) s e l e c t i v e due t o d i f f e r e n t I R absorption s p e c t r a and high-sensitivity detection in case of OI s i g n a l a t the l a s e r r a d i a t i o n modulation frequency; b)nonselective accurate within differences i n thermal conductivity of various compounds and comparatively l e s s s e n s i t i v e detection i n recording the derivative signal. A t simultaneous measurement of two s i g n a l s t h e i r " d i~c r i m i n a t i o n~~ can be r e a l i z e d with e l e c t r o n f i l t e r s (narrow-band and low-f requency ones).
One of the most important advantages of the OT detector concerned i s t h a t i t i s possible t o provide a higher s p a t i a l r e s o l u t i o n as compared t o the OA d e t e c t o r i n a continuous gas flow. For the OT d e t e c t o r described the value of s p a t i a l resolution is determined by the volume V d of the region of i n t e r s e c t i o n of the l a s e r beam and the gas j e t t h a t can be made very s m a l l with "strongw focusing of l a s e r r a d i a t i o n i n the zone of the gas j e t running out of a small-diameter nozzle. A number of obvious requirements is placed on the parameters of an experiment when i t is necessary t o detect a comparatively fast-varying concentration of the substance concerned i n a gas flow which is c h a r a c t e r i s t i c of the case when the detector described may be used a s a chromatographic detector :
where d i s the geometric dimension of the l a s e r beam along the gas flow d i r e c t i o n (the beam diameter i n the simplest c a s e ) ; D i s the gas j e t diameter; Vs is the gas volume with 'the s u b s t a c e concerned, f o r example the carrier-gas volume corresponding t o the CG peak; F is the gas consumption; f is t h e l a s e r r a d i a t i o n modul a t i o n frequency; e i s the distance between the r e g i o n of i n t e r s e ct i o n of t h e l a s e r beam with the gas j e t and the transducer s u r f a c e ; k is the c o e f f i c i e n t of thermal d i f f u s i o n . Conditions ( I ) and ( 2 ) provide a Vd value at which the d e t a c t a b l e v a r i a t i o n of substance concentration i n t h e gas flow i s n o t d i s t o r t e d (broadened). Condit i o n ( 3 ) ensures maximization of the depth of gas flow temparature modulation on the transducer plane. Condition(4)allows f o r the e f f e c t of thermal d i f f u s i o n which causes the temperature v a r i a t i o n amplitude i n the gas flow t o decrease as the gas recedes from the region of l a s e r e x c i t a t i o n . For experimental t e s t of the s p a t i a l r e s o l u t i o n of the OT d e t e c t o r t h e shape of the hexane CG peak w a s measured i n comparison with OA and F I d e t e c t o r s ( i t should be noted t h a t t h e F I d e t e c t o r had a very s m a l l d e t e c t e d volumeJ The r e s u l t s of t h e measurements a r e presented i n Fig. 4 . It can be seen t h a t the OT s i g n a l almost does n o t d i f f e r from the P I d e t e c t o r s i g n a l , whereas the s i g n a l of t h e OA 
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the chamber of which is 2,7 cm i n volume d i s t o r t s r a t h e r s e v e r e l y the peak shape (broadens i t ) because the s p a t i a l r e s o l u t i o n i s n o t s u f f i c i e n t f a r t h e conditions of measurement. I n conclusion, we a r e going t o l i s t some p o s s i b l e ways of improving and developing the described method. In p a r t i c u l a r , i t is p o s s i b l e t o increase t h e s e n s i t i v i t y by decreasing the e f f e c t of s c a t t e r e d r a d i a t i o n background with t h e use of a d i f f e r e n t i a l c i r c u i t s w i tching on two c l o s e l y spaced t r w d u c e r s t o one of which t h e gas flow under d e t e c t i o n i s directed. I n t h i s case it i s q u i t e p o s s i b l e t o accomplish m u l t i p l e passage of the l a s e r beam on the plane perpendic u l a r t o t h e gas flow d i r e c t i o n t h a t i n c r e a s e s the e f f e c t i v l a s e r r a d i a t i o n power and hence the d e t e c t i o n s e n s i t i v i t y . The use of semiconductor bolometers i n s t e a d of p y r o e l e c t r i c transducers must i n c r e a s e the d e t e c t i o n s e n s i t i v i t y , too. I f 01 d e t e c t o r i s placed i n a n a i r -t i g h t evacuated volume, i t w i l l improve the s p e c t r a l resolut i o n in measuring absorption s p e c t r a on account of a reduced e f f e c t of c o l l i s i o n a l broadbning. I n the l i m i t , i t i s p o s s i b l e t o change t o the mode of molecular beams /6/.
